Abstract. In this paper, a remanufacturability evaluation method for mechanical product from the technical point is put forward, according to the remanufacturing process, five remanufacturing technical feasibility indexes of disassembly, cleaning, testing, repairing and assembly are designed scientific and quantitatively, and the remanufacturability criteria is proposed. Finally the the technical feasibility indexes and remanufactaribility of WD615.87 diesel engine is analyzed, the results show that the remanufacturing technical feasibility is good.
Introduction
Waste mechanical product remanufacturing is an excellent production mode of resources saving, energy reduction and environmental protection [1] [2] . However, for waste mechanical products, because of the differences for the original quality, working conditions, as well as damage extent, the remanufacturing possibility is different , therefore, before an old mechanical products being remanufactured, its remanufacturability from technical aspects should firstly be evaluated to ensure the remanufactured product can meet the needs of customers [3] .
Remanufacturing technical feasibility index of waste mechanical product
In this study, according to the technical process of remanufacturing, the remanufacturability of waste mechanical product would include five indexes of disassembly, cleaning, testing, repair and assembly.
Disassembly index μ d
Disassembly is the process of decomposing mechanical product into individual parts by means of tools and equipments. Generally, it is mainly a decomposition process of fittings and assembly relations. For the known types of mechanical products, the disassembly method, process and equipment would be determined, and the disassembly equipment is mainly through the manual process.Therefore, the disassembly index is expressed as:
Cleaning index μ c
Cleaning is a series processes of making the dirty surface of the waste parts to a certain degree of cleanliness, which is using mechanical, physical, chemical or electrochemical methods to remove the dirt attached to the surface of the waste parts. The commonly used cleaning methods are: blow, wipe, bake and wash. According to the difficulty of cleaning method, the priority matrix is obtained, as shown in Table 1 . Scoring principles are that, one cleaning method (row) is much more difficult than another method (column), it will get 5 points, one method of cleaning (row) is more difficult than the other cleaning method (column), it will get 3 point, one cleaning method (line) is equal to another other (column), it will get 3 point, the difficulty of one cleaning method (row) is equal to the other (column), it will get 1 point, if conversely, it will take the reciprocal of the point values [4] . The relative importance of each cleaning method can be obtained through the point calculation, and then the cleaning scores are obtained. Cleaning index can be defined as equation (2).
Where, Lcij is the ideal number of parts to be processed by the jth cleaning method, Lcaj is the actually number of part processed by jth cleaning method. j  is the cleaning score of the jth cleaning method.
Testing index μ t
Testing is to determine the performance state and surface size of the used parts by means of specific detection techniques and methods. Parts inner quality detection is mainly through the nondestructive testing technology, include ultrasonic testing (UT), magnetic particle testing (MPT), eddy current testing (ET). Assuming the difficulty coefficient of UT is 0.40, MPT is 0.60, ET is 0.90. The testing index can be expressed as equation (3) 
Where, Ltij and Ltaj respectively represent the ideal and actual number of parts in the jth testing method, and δj is the difficulty coefficient of the jth testing method.
2.4
Repairing index μ r
Remanufacturing repairing refers to the process of reproducing used parts to recover the performance by means of advanced surface engineering and traditional machining. The common remanufacturing repairing methods are: electric arc spraying technology, plasma spraying technology, plasma cladding technology, nano composite brush plating technology and laser cladding, identified as A, B, C, D and E. Five repairing methods are applicable to different occasions [165] [166] [167] [168] [169] [170] [171] . according to the parts repairing demand, processing requirement and repairing cost, the relative difficulty coefficient of the method is represented by comparison matrix, shown in table 2, the method of scoring is similar to the cleaning. The repairing index is expressed as equation (4) . 
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Where, Lrij and Lraj is the ideal and actual number of parts processed by the jth repairing method, σ j represents the repairing score of the jth repairing method. 
Assembly index μ a
Assembly is the process of assembling new replacement parts, repairing parts, and new modules to remanufactured products according to the remanufacturing technology requirements. Because the specified assembly way of parts, such as welding, riveting, threaded connections, the assembly process, equipment and means are fixed, therefore, assembly index can be expressed as equation (5):
Calculation and determination of the remanufacturability index
According to equation (1) ~ (5), the comprehensive technical remanufacturability index R can be obtained, expressed as equation (6), where ωi is the weight of the ith index, which can be obtained by expert experience or AHP method. Since the value range of the five technical feasibility index is [0, 1], the value range of corresponding remanufacturability T is also between [0, 1], and the critical threshold value of T and mechanical product remanufacturability is determined as equation (7). (7) 3 Case study Taking the WD615.87 engine remanufactured by Jinan Fuqiang power co., LTD (six-cylinder, water-cooled, total capacity of 9.726 liters) as an example, the original engine is used for five years, traveling 300000 kilometers.
Remanufacturing technical feasibility index of waste engine
Generally, the seven components that need to be considered in the process of engine remanufacturing are crankshaft, connecting rod, flywheel shell, gear room, cylinder block, cylinder cover and flywheel. The remanufacturing processes of waste engine as follows: high pressure air gun dissemble-parts high temperature washing,sand washing-magnetic particle testing-repair (plasma cladding and nano brush plating) -assembly. Table 3 shows the results of remanufacturing technical feasibility index and weight. Where, the weighs are determined by the company technical engineering. 
Remanufacturability analysis and evaluation
From Table 3 and equation (6) , the remanufacturability index T of the waste WD615.87 engine can be calculated as:
By equation (7)，it can be determined that the WD615.87 remanufactured engine is with good technical remanufacturability.
Conclusion
In this study, a remanufactarability evaluation method of waste mechanical product is introduced based on remanufacturing process, the calculation methods of five remanufacturing technical feasibility indexes of disassembly, cleaning, inspection, repair, and assembly are proposed, and the evaluation standard of remanufacturability is put forward, finally waste WD615.87 engine as the case study, the remanufacturing technical feasibility is analyzed and evaluated, the results show that the engine is with a good technical remanufacturability.
